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ESSENTIAL FEATURES OF TRIAXIAL SHEAR 
WEST S). 

BY THE DIVISION OF TESTS, U. S. PUBLIC ROADS ADMINISTRATION 

Reported by C. A. HOGENTOGLER, Senior Highway Engineer and E. S. BARBER, Junior Highway Engineer 

N THE DESIGN of retaining walls, three types of 
| earth pressure may be considered. 

Without movement of the earth, pressures against 
the walls, figure 1—A and 1—B, become the “earth 
pressures ‘at rest” which depend upon the coefficient K, 
expressed by the relation 

jets 
iD) 

In which 
1=lateral pressure, 
v=vertical pressure. 

However, soil must deform to fail. The pressures it 
produces at maximum deformation without failure are 
termed active or passive, depending on the directions 
of the applied forces responsible. 

Wedges (/, 2)? assumed in the design of retaining 
walls (fig. 1) have lower boundaries, iBy=40). on which 
the soil slips when it shears. Weight of the earth in 
figure 1—A produces the active earth pressure which 
forces walls outward and causes D—D to incline at an 
angle a@ with the horizontal and b with the vertical. 
Forcing walls backward as in figure 1—B, produces the 
passive earth pressure which causes D—D to incline at 
an angle b with the horizontal and @ with the vertical. 

The diagram of supporting value of soil under a strip 
load, considered in a formula published in PUBLIC 
ROADS (8), is shown in figure 1—C. 

Beneath each half of the load, which acts like an 
embankment breaking in the middle, is a triangular 
diagram of active earth pressure similar to the one 
shown in figure 1—A. It is assumed that wedges of 
earth beneath the surface adjacent to the loaded area 
and subjected to passive earth pressure function like 
retaining walls to prevent failure of the wedges subjected 
to the active earth pressure. Therefore, diagrams of 
passive earth pressure similar to the one shown in 
figure 1—B are used to complete the diagram of the 
supporting value of the soil (fig. 1—C). The angle a 
and its complement 6b are utilized also in theories sug- 
gested for the determination of stresses in embank- 
ments (4), soil foundations for rigid loads (4), and 
flexible type pavements (6, 7). 

The coefficient of earth pressure at rest, K, (8) 
depends upon the soil’s elasticity rather than its 
resistance to shear. Active and passive earth pressures 
in contrast depend upon the soil’s cohesion c, and its 
angle of internal friction ¢. 

EARTH PRESSURES STUDIED EXTENSIVELY 

Tests to determine relations of the laterial to applied 
vertical pressures on soil and their use to furnish design 
data have become accepted practice. 

In 1900 J. A. Jamieson (9) a Canadian engineer, 
utilized manometers as shown in figure 2 to measure 
both lateral and vertical pressures ‘of grain in model 

! Paper presented at the annual meeting of the American Society for Testing Mate- 
tials, Atlantic City, N. J., June 28, 1939. 

a Italic figures in parenthesis refer to bibliography, p. 153. 

171367—39——1 

bins. About the same time, E. P. Goodrich, investi- 
gating pressures against retaining walls, utilized the 
apparatus shown in figure 3, and his findings published 
in 1904 (10) are substantiated by later w vork in this 
country (1/1, 12) and quite recently by extensive in- 
vestigations in Germany (18). 

On January 18, 1933, F. N. Hveem filed an applica- 
tion for letters patent on a stabilometer, figures 4 and 
5, to test various sorts of reasonably stiff plastic ma- 

FiaurRE 1.—SuRFACES OF Sure ILLUSTRATED. 
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igure 2.—ManometEeR UsEpD BY JAMIESON. 

terials, such as clay, soil (to determine bearing values), 
etc. The apparatus had essential features as follows: 

is Flexible cylinder arranged concentrically within a 
cylindrical shell, a pressure chamber being formed 
between the two. 

2. Specimens in the flexible cylinder loaded axially 
and means to measure accompanying changes in the 
chamber pressures. 

3. Means to measure deformations of the specimens 
in the direction of load and perpendicular to it. The 
patent * was granted April 23, 1935 (14). 

In Hveem’s apparatus the flexible rubber cylinder is 
attached at both ends to the pressure chamber, which 
in turn is of metal and filled with a liquid. 

3 U.S. Patent Office No. 1998722. 

PUBLICAROAD'S Vol. 20, No. 7 

yy CYLINDER FOR DETERMINATION OF RATIO 

= OF LATERAL AND VERTICAL PRESSURE 

AIVVTT 

Ficure 3.—APPARATUS DEVISED BY GOODRICH FOR DETERMIN- 
Ina Ratio or LATERAL TO VERTICAL PRESSURES. 

Figure 4.—STABILOMETER DEVELOPED BY HvEEmM. 
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FicurRe 5.— DIAGRAM OF STABILOMETER DEVELOPED BY HyEEM. 

In 1934, Leo Jiirgenson (15) described apparatus in 
which the rubber was fixed at but one end to the cham- 
ber, and which utilized compressed air to maintain 
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Figure 6.—RuUBBER SLEEVE AND CLAampPs USED TO ENCASE 
SAMPLES FOR STABILOMETER TESTS. 

constant pressure in the chamber. In the same year 
Keverling Buisman of Delft, Netherlands, (1/6) sug- 
eine the use of transparent material for the outer 
shell. 

Since then modifications of these basic conceptions 
have been reported by: Delft Laboratories, 1936 (17); 
W.S. Housel, 1936 (18); Seibert and Palmer, 1938 (19); 
John D. Watson, 1938 (20); Corps of Engineers, United 
States Army, 1939 (21); and the Public Roads Admin- 
istration, Levi Muir, the Shell Oil Co., and the Bureau 
of Reclamation in 1939 (22). 

Purposes of the tests, types of soil investigated, and 
laboratory facilities necessitated procedures and equip- 
ment which varied widely in some respects and yet had 
enough in common to suggest use of simplified ap- 
paratus with interchangeable parts to satisfy all the 
requirements. Methods employed include a ‘‘closed”’ 
system which prevents volume change of samples, and 
an “open”? system which permits their swell or con- 

C ROAD 
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FigurE 7.—Moup |} Usep FoR CompacTING SAMPLES 
STABILOMETER TEsTs. 

FOR 

solidation during test. An impervious encasement 
which prevents entrance or escape of air and water 
encloses samples in the closed system, and placing them 
between porous stones provides for the entrance or 
egress of air and water in the open system. 

PRESSURE CHAMBER SUGGESTED FOR USEIN PREPARING SAMPLES 

For stabilometer tests, cylindrical samples are encased 
in rubber sleeves clamped about bakelite disks (fig. 6) 
which, with or without porous stones, are placed at the 
ends of the samples. Samples of stabilized soil and 
embankment materials may be compacted in the appa- 
ratus shown in figure 7. 

For tests using the closed system, compacted samples 
are placed in the rubber jackets with impervious disks 
at the bottom ends, and, after removal from the split 
cylinder mold, impervious disks are also placed at their 
upper ends. The clamps are adjusted and threaded 
studs screwed into the bottom disks as shown in figure 
8—B. This assembly can also be used for testing un- 
disturbed samples at their natural moisture contents. 
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FiaguRE 8.—ASSEMBLIES SHOWING PoROUS STONES AND Disks PLacED aT ENDS OF SAMPLES. 

Studs afford means to fasten sample assemblies in the 
stabilometers, and threaded recesses in the top disks 
afford means for attachment to plungers of the stabilom- 
eters. 

Determinations of the critical density of sands may 
be desired also. The critical density has been defined 
by Arthur Casagrande (23) as that density at which a 
soil can undergo deformation or actual flow without 
volume change, (see also (24)). For this purpose 
assembly C is suggested. 

Assembly G (fig. 8) is suggested for use in determin- 
ing permeabilities and capillarities of samples by appli- 
cation of water through the porous stone and tube in 
the bottom disk, which furnishes a connection with the 
burette. At times, tests on samples at the pore pres- 
sures of the pressure chamber may be required. Assem- 
bly F is suggested for this purpose. 

The apparatus shown in figure 9 is usable in the pre- 
testing of samples for consolidation and swell (see also 
(15, 25)). Rise of water in the burette, assembly C, 
discloses the speed and amount of consolidation of 
samples at the applied air pressures; and drop of water 
in the burette indicates their swell. Metal guides 
attached to the top disks are to prevent tilting of 
samples during such tests. 

At the conclusion of the preliminary tests, all spaces 
in porous stones, disks and tubes at the bottoms of 
assemblies C and G are filled with water. Disconnect- 
ing the burettes and capping the tubes and, for assem- 
bly G, replacing the perforated top disk with an im- 
pervious one, completes the change to assembly D 
(fig. 8). 

Figure 10 is a diagram of a pressure chamber and 
sample assembly which is usable in the closed system 
of test. A nut on the tube fastens the assembly D to 

the chamber. A similar nut on the threaded stud, as- 
sembly B, serves a similar purpose. 

Attaching one end only of sample assemblies to the 
pressure chamber distinguishes the stabilometer, figure 
10, as the free rubber type used by Jiirgenson, Delft 
Laboratories, Harvard University, Corps of Engineers, 
United States Army, and the Bureau of Reclamation. 

Harvard University and the Corps of Engineers sug- 
gest glycerine as a liquid satisfactory for use in the 
cylinder. To prevent leakage, Harvard University 
utilized the stuffing box (fig. 11) and the Corps of Engi- 
neers, the bronze bushing (fig. 10). 

Relative to experience at Harvard University, John 
D. Watson (20) states: 

It is absolutely essential that friction between this piston and 
the head be reduced to a negligible amount. At the same time 
it must be possible to maintain the hydrostatic pressure in the 
compression chamber constant while a test is in progress. A 
highly viscous fluid in the compression chamber would be far 
better than air because air under pressure is very difficult to 
confine without leakage. Glycerine was chosen because in addi- 
tion to a high viscosity it is soluble in water and easy to wash 
off and clean up, and it does not attack rubber. The piston rod 
is jacketed with graphite steam packing but the packing gland is 
screwed down so little that the piston rod will fall slowly under 
its own weight. 

Relative to the use of the bronze bushing, a report 
by the Corps of Engineers (2/) states: 

The hemp packing box has been eliminated and a bronze 
bushing substituted in its place. Experience has shown that 
friction is eliminated thereby and that leakage of glycerine even 
at high hydrostatic pressures is negligible. 

Relative to the closed system, a report (22) on the 
Bureau of Reclamation’s apparatus states: 

The specimens are encased in thin-wall rubber tubes which 
clamp to metal end plates, thus keeping the water which com- 
pletely fills the pressure cylinder from wetting them. 
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COEFFICIENT K DETERMINED USING THE FIXED RUBBER TYPE OF 

STABILOMETER 

It is convenient to arrange the stabilometer in loading 
devices so that upward movement of the plunger is 
prevented while pressures within the chamber are 
increased to those selected for use in the tests. At 
particular lateral pressures thus provided, samples are 
compressed to failure by vertical pressures applied 
through the plunger. 

Figure 12 illustrates the failure of a cylindrical 
sample. As the cylinder shortens it bulges first (fig. 
12-B) and then fails along the surfaces of slip (fig. 12—C 
and 12—D) which incline to the horizontal at the angle 
a shown in the diagrams, figure 1. 

Tests on samples comprised of differently colored 
modeling clays disclosed the deformations, figure 13, 
undergone by the layers which had uniform thicknesses 
prior to test. 

Reduction of the vertical pressure, accompanied by 
increase of lateral pressures, facilitates removal of 
samples from the chamber and container by reducing 
their diameters. 

Analyses of test data by means of Mohr’s circles of 
stress has been described in PUBLIC ROADS (26). 
Common tangents which disclose the values of ¢ and 
¢ are drawn to ares constructed from a knowledge of the 
vertical pressures, v, and the lateral pressures, J, on the 
sample at failure. 
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liguRE 18.—DEFORMATION OF A Cuay SAMPLE. THE LicuT 
AND Dark Banps WERE oF EquaL anp Unirorm TuHicx- 
NESSES BEFORE TESTING. : 

To illustrate, let the stress-strain relations, figure 14, 
represent data furnished by two tests. The cylinder 
tested at a lateral pressure, J, of 100 pounds per square 
foot, failed at a vertical pressure, v, of 1,046 pounds per 
square foot. ‘The cylinder tested atl equals 500 pounds 
es square foot failed at v equals 1,900 pounds per square 
oot. 
Figure 15 shows the graphical analysis. The full line 

at the top shows the relation between shear stress and 
normal pressure at failure of the cylinders. The 
straight broken lines show similar relations for strains 
Jess than the ultimate. 

The ares have centers on the abscissa at a distance of 

v—l 
2 

This places the center of the smaller full line circular 

1,046+100 
2 

otl St me 
—, from the origin, and radu to the same scale of 

are at the point corresponding to pounds 

FAILURE-SHEAR PLANE. 

per square foot, and makes its radius equivalent to 
1,046 —100 oe pounds per square foot. 

As the next step, the relations of ¢ and ¢ to deforma- 
tions of the samples may be shown as previously 
described (8, 27). 

Use of sample assembly C with the special manom- 
eter, figure 16, permits the détermination of pore 
pressures within samples during test. The special 
manometer has been discussed elsewhere (25, 28). 

Jn the determination of coefficients of earth pressure 
at rest, lateral deformation of samples is confined to 
a minimum. For this purpose, the stabilometer, 
figure 17, is suggested. By the use of sample assembly 
G and at the discretion of the operator, water may be 
applied directly to the sample’s top and by the con- 
nection through the lower disk, to its bottom. 

The rubber sleeve of the sample assembly attached 
at both ends to the pressure chamber, distinguishes the 
stabilometer, figure 17, as the fixed rubber type which 
has been used by Hveem, Buisman, Housel, Seibert 
and Palmer, Muir, the Shell Oil Company and the 
Delft Laboratories (22). Figure 18 shows stabilometers 
of the free and fixed rubber types. 

In making the test for A, the chamber is completely 
filled with water and both outlet and inlet valves are 
closed to prevent escape of the water during test. The 
vertical pressure is then applied through the plunger, 
and the gradually increasing lateral pressures are read 
from the gage. 

Relations of A to moisture content of a soil are 
obtained from samples compacted at or consolidated 
to different moisture contents and tested at pressures 
within the range for which information is desired. 

The stabilometer, figure 17, with confinement of 
liquid in the pressure chamber, typifies also the cell 
apparatus, figure 19, used at the present time to test 
the soft undersoils for which Holland is noted. Thirty- 
eight of the devices were in use at the Delft Laboratories 
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in the summer of 1938, and 25 more had been prepared 
for shipment to the University of Ghent, Belgium. 

The testing procedure, described elsewhere (22) 
provides for escape of the liquid, in small amounts at 
a time, from the chamber. This in turn causes increas- 
ing shear resistance to be developed as the soil deforms. 
Its unique feature is the testing of but one sample to 
obtain values of ¢ and ¢ of an “undisturbed soil at its 
natural moisture content. For shear tests of the same 
soil at lower moisture contents, samples are first con- 
solidated in the stabilometers. 

VARIOUS FEATURES OF APPARATUS DISCUSSED 

The long period of time required for this makes it 
advisable to preconsolidate the samples in the separate 
chamber, figure 9. 
The impervious top disk of the sample, assembly C, 

would then be replaced by the porous stone and 
perforated disk, assembly G, and the rubber sleeve 
slipped over and clamped about the metal extension as 
shown in figure 17. 

The selection of the type of stabilometer depends 
primarily upon the size of the samples to be tested, 
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pressures to be used during test, laboratory facilities, 
and personal preferences as to the use of air or liquid _in 
the pressure chamber. 

Sample dimensions.—To insure that planes of rupture 
intersect the sides of samples, their heights should be 
at least twice their diameters. A diameter of 2 inches 
is satisfactory for soil which passes the No. 10 sieve. 

Samples with larger sized particles require larger 
diameters. H. N. Hveem has found a diameter of 4 
inches satisfactory for certain types of bituminous road 
surfacings; and the Bureau of Reclamation apparatus 
is suitable for testing samples up to 6 inches in diameter 
by 16 inches long 

Chamber walls —Apparatus of the size illustrated in 
figures 9, 10, 17, 20, and 21, provides for the testing of 
samples 2 inches in diameter by 4% inches high. For 
tests of such samples the use of transpar ent tubing for 
the outer shell of the pressure chamber is recommended, 
since among other things it provides desirable visu: al 
inspection of samples during test. 

Use of glass for this purpose, figure 22, was proposed 
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Figure 17.—STABILOMETER ASSEMBLY OF THE FIXED 
RuBBER TYPE. 

by Buisman in 1934 and it is still used in European 
laboratories. The transparent plastics used in this 
country are recommended as more suitable. Relative 
to experience with them at Harvard University the 
Watson report (20) states: 

This pressure chamber was designed for and has been success- 
fully used under an internal pressure up to 10 kg. em.~? Plate 
BII-1 (fig. 11) shows that it consists of a ‘‘Lucite’’ cylinder en- 
closed with rubber gaskets between a cast-brass head and base. 

For large samples and for the high pressures com- 
monly used to test semirigid pavement surfacing 
materials, outer cylinders consisting of metal are used. 
The elaborate apparatus constructed by the Bureau of 
Reclamation is shown in figure 23. Relative to the 
latter’s apparatus, their report (22) states: 

The loading equipment will develop and measure an axial load 
up to 4 maximum of 7,500 pounds and deform specimens as 
much as 4 inches. 

Application of load.—Some laboratories use testing 
machines for applying load to the samples, and meas- 
uring their vertical deformations. Others make use of 
yokes, levers, or threaded plungers to apply the loads, 
and micrometer dials to measure the deformations. 

Figure 24 shows the testing machine used at Harvard 

Figure 18.—Lert, Fren, anp Ricut, FixeD RupBER TYPES OF 

STABILOMETER. 
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Figure 23.—STABILOMETER UsmD BY THE BUREAU OF 
RECLAMATION. 

University. The method using a threaded plunger is 
employed by Jiirgenson, Hennes, the Bureau of Recla- 
mation, and, in tests of unconfined cylinders, as shown 
in figure 25, by Burmister. 

All methods are considered satisfactory. However, 
methods causing a constant rate of strain facilitate the 
determination of deformations indicative of ultimate 
failure and are therefore preferred. 
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24—ApPpaARATUS USED IN Maxine TRIAXIAL SHEAR 
Test at HARVARD UNIVERSITY. 

FIGURE 

Fiaure 25.—Loap MBASUREMENT BY CALIBRATED RING. 

Pressure chambers.—Except for their tops, the stabil- 
ometers, figures 10 and 17, and the consolidation cham- 
ber, figure | 9, are alike, and all are required for routine 
stabilometer tests. However, for use in making only 
occasional tests the one base and cylinder with the three 
different tops should prove adequate. If the use of 
glycerine within the chamber or the possibility of leak- 
age from it is considered objectionable, the apparatus, 
figures 20 and 21, can be substituted for the free rubber 
type, figure 10. 

To make the chambers airtight, packing must be 
compressed enough to prevent frictionless movement 
of the plunger. Therefore, means within the chambers 
to measure vertical pressures applied to the samples is 
required. 

For this purpose use of a sylphon bellows (fig. 20), or 
a calibrated ring (fig. 21), is suggested. Jtirgenson (14) 
placed a bellows inside the chamber, and the Bureau of 
Reclamation places the bellows on the outside. The 
calibrated ring has been used in direct shear tests at 
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Massachusetts Institute of Technology (29) and by 
Burmister (22) in unconfined cylinder tests (see fig. 25). 

Figure 20 illustrates the use of a manometer for con- 
trolling lateral pressures and the threaded plunger 
method of applying load. Manometers used in Jamie- 
son’s early experiments have been employed also in the 
Delft Laboratories, and to supplement pressure gages 
in the control of low lateral pressures by the Public 
Roads Administration. Since provision is made for 
measuring applied vertical pressures, the threaded 
plunger is usable to obtain a constant rate of strain. 
Figure 21 illustrates also an arrangement for measuring 
vertical movements of the plunger when the loads are 
applied through yokes. 

Chamber pressures —The air supply system used by 
the Public Roads Administration, figure 26, provides 
for pressures up to 125 pounds per square inch and a 
reservoir of 2-cubic feet capacity. The Bureau of 
Reclamation’s apparatus provides lateral pressures to a 
maximum of 200 pounds per square inch. Constant 
pressures are maintained by means of a pressure con- 
trol device whick automatically starts and stops the com- 
pressor. For maintaining constant lateral pressures up 
to at least 10 pounds per square inch, the manometer 
shown in figure 20 is a valuable supplement to the 
automatic pressure-control device. For larger lateral 
pressures, the controlled pressure air reservoir is used. 

CLOSED SYSTEM SUGGESTED FOR THE DETERMINATION OF c AND ¢ 

Data furnished by direct shear tests illustrate ad- 
vantages of the closed as compared with the open sys- 
tem of test. Relations of s to n, figure 27, were obtained 
from data furnished by open system tests, and published 
elsewhere (80). Samples placed between porous stones 
and consolidated to equilibrium at the moisture con- 
tents indicated were sheared at several normal pressures 
up to and including the consolidation pressure. 

To illustrate deficiencies of the data, figure 27, let it be 
assumed that an embankment which on completion 
will produce a pressure of 6,000 pounds per square foot, 
is to be constructed on the soil, at a natural moisture 
content of 77 percent. At this moisture content and 
for pressures up to n equals 2,000 pounds per square 
foot, ¢ equals 1,140 pounds per square foot and ¢ equals 
4°. Consolidation by the embankment pressure of 6,000 
pounds per square foot can be expected ultimately to 
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reduce the soil’s moisture content to 48 percent; and at 
this moisture content it has for normal pressures up to 
6,000 pounds per square foot, values of c equals 2,960 
pounds per square foot and ¢ equals 8°. 

Depending on the relative speeds of embankment con- 
struction and consolidation of the undersoil, excessive 
pore pressures may be produced which make failure of 
the undersoil imminent. In such cases it has been con- 
sidered advisable (37) to make use of standpipes inserted 
in the undersoil so that the speed of its consolidation 
can be observed. 

Information required for the intelligent use of such 
standpipes necessitates extension of the data, figure 27, 
to include relations of s to n up to normal pressures of 
6,000 pounds per square foot for the samples which 
contain both 77 and 58 percent moisture. 

To obtain the supplementary data, shear tests must 
be made on samples at normal pressures greater than 
the consolidation pressures and for this purpose the 
open system as used in direct shear tests is impractical, 
because of the rapid speed at which the relatively thin 
samples used in such tests consolidate. 

Therefore, the closed system which furnishes the 
complete data, figure 28, is deemed more suitable. 

To obtain the information given in figure 28, samples 
compacted at the moisture contents shown were placed 
between metal plates to simulate the closed system and 
sheared. 

Determination of the pressures at which the relations 
of s to n change, as shown in figure 28, is especially 
important since they indicate the upper limit of stresses 
that can be applied without causing the angle ¢ of the 
soil at a particular moisture content to become reduced. 

Thus, the soil, figure 28, at a moisture content of 30 
percent has ¢ equals 460 pounds per square foot and 
¢ equals 7.4° for normal pressures up to the limit of 
n equals 1,230 pounds per square foot. At normal 
pressures greater than n equals 1,230 pounds per square 
foot, the shear stress became constant at 620 pounds 
per square foot. 

Change of the soil’s character with increase of its 
ratio of free water to film moisture has long been recog- 
nized. As discussed elsewhere (8) this ratio may be 
increased in two ways as follows: 

1. By increasing the moisture content of the soil at 
constant pressure. 

2. By increasing the pressure on the soil at constant 
moisture content. 

It has been explained in PUBLIC ROADS (32) that 
increasing the moisture content of semirigid soils at 
constant pressure increases the ratio of free or lubricating 
water to the more viscous film moisture, until at mois- 
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Figure 28.—SHEAR STRENGTHS OF SAMPLES AT DIFFERENT 
MoisturE ConTEents, UsING THE CLOSED SYSTEM. 

ture contents above the plastic limit the ratio becomes 
large enough to give soils the properties of plastic 
instead of semirigid materials. In the same publica- 
tion, data from tests of unconfined cylinders, which are 
triaxial shear tests with the lateral pressure / equals 0, 
showed that at moisture contents above the ‘‘critical,”’ 
which for plastic soils is the plastic limit, the samples 
exhibited little or no additional strength with increasing 
deformations above the resistance they had at the 
plastic limit. 

Increasing the pressure (33) reduces thicknesses of 
adsorbed films and therefore, in soil maintained at 
constant moisture content, causes the ratio of lubricat- 
ing to film moisture to be increased as effectively as 
raising the moisture content of soil at constant pressure. 
‘The effect of pressure increase to reduce the lower 

limit of moisture contents of soil in the plastic state 
has been reported (34). 

Therefore, the breaks in the relations of s to n, as 
shown, are explained on the basis of film phenomena, 
and for the particular pressures at which they occurred, 
the respective moisture contents are considered as the 
critical moisture contents. 

What relation, if any, these critical moisture contents 
bear to pressures required to consolidate the soil has 
not been disclosed by investigations of the consolidation 
characteristics of this soil made to determine if any 
such relation exists. 

From the complete data, figure 28, one obtains rela- 
tions of moisture content to c and ¢, the stresses at 
which tbe soil becomes plastic, and the pore pressure. 
From such relations and by means beyond the scope 
of this report, usable safe values of c and ¢ can be 
selected with respect to the speed of consolidation as 
indicated by the elevations of water in the standpipes 
(35) inserted in soft undersoils. 

SUMMARY 

The foregoing presents essential features of what 
seem to be the most promising methods of making 
stabilometer tests. It is recognized that compressed 
air as well as liquid may be used to determine the 
coefficient, K, and also that the open system may be 

(Continued on p. 153) 



SAFETY PROMOTION ACTIVITIES OF THE 
STATE HIGHWAY COMMISSION OF 

WISCONSIN 
By WILLIAM F. STEUBER, Assistant Safety Director, State Highway Commission of Wisconsin 

way Commission operates on a budget of $50,000 
per year. At first thought such a sum may seem 

ample to eliminate highway accidents altogether. 
Actually, to conduct a year’s safety activity in Wis- 
consin expenditures must be made very carefully to carry 
on with $50,000 all the activities that seem desirable. 

Wisconsin’s population is 2,926,000 persons or 
730,000 families. ‘There is only 1.7 cents per person or 
6.8 cents per family to spend on safety education. <A 
letter to each family twice a year, urging safe use of the 
highways, would consume the entire fund in postage 
and stationery without being an effective approach to 
the traffic problem. 

To use $50,000 effectively in highway safety promo- 
tion is a real task. First of all, the expenditures must 
be pyramidal in effect. That is, a single expenditure 
must reach one group, then another, and still another, 
carrying a message to each group. ‘The effect of funds 
used to support the school safety patrols is a good 
example. In Wisconsin, belts and badges for school 
safety patrols are supplied free to schools by the State 
Highway Commission. Each outfit, one belt and one 
badge, represents an investment of 37% cents. Each 
belt and badge identifies one boy as a safety patrolman. 
Before he assumes his duties and goes about his patrol 
tasks he learns the elements of pedestrian safety in 
traffic. His duty is to protect his classmates in 
traffic—they are the second group reached. 

Teachers in the schools are also reminded of traffic 
dangers as they guide the safety patrols in their work, 
thus the teachers make up the third group. The 
school children tell about the school patrol to smaller 
children, thereby reaching a fourth group. The school 
patrol is discussed at home, reaching the fifth group, 
the parents. Motorists passing the school see the 
safety patrols at work—a sixth and very large group is 
reached. Pedestrians who walk past the school and 
see the patrol boys on duty make up a seventh group. 

Thus, for an expenditure of 37} cents, at least seven 
different groups of people are reached. But the py- 
ramidal effect does not end here. At the close of the 
school year the boy turns in his belt and badge and the 
next school year another boy uses them, a new class is 
protected, new parents are brought face to face with a 
safety activity, and a new pyramid is started, all 
financed by the original expenditure of 37) cents. 

Compilation and use of accident statistics produces a 
pyramidal effect since they are used by speakers, in 
newspapers, and over the radio. Creation of county 
safety councils to conduct local safety programs out- 
lined by the Department carries on the idea of pyramid- 
ing. So does the use of motion pictures—films can be 
projected time after time with low upkeep cost. Driver 
testing equipment requires little expenditure after the 
initial cost is paid, and is used by group after group. 
Each proposed activity of the Safety Department is 
judged on its pyramidal value, its ability to reach more 
and more people cheaply and effectively. 

ali; SAFETY DEPARTMENT of the State High- The highway safety program in Wisconsin is planned 
for an attack on the traffic problem at sources of trouble. 
The State is concerned with the education of the driver, 
the pedestrian, and the school child. To make the 
driver and the pedestrian and the school child realize 
the extent and seriousness of the accident problem, to 
teach them all that accidents are the result of human 
failings, to get them to conduct themselves properly in 
any occasion to avoid accidents, all are functions of the 
Safety Department of the State Highway Commission. 

ACCIDENT STATISTICS USED IN,PLANNING SAFETY WORK 

Accident records and statistics —In Wisconsin, traffic 
accidents that result in a human fatality or injury, or in 
property damage in excess of $50 must, by law, be re- 
ported to the State Highway Commission within 48 
hours. The compilation and analysis of the data in 
these accident reports is a main function of the Safety 
Department. Statistical studies are made to determine 
what accident-producing factors deserve the most atten- 
tion in safety promotional work. Individual reports are 
strictly confidential, but the statistics of accidents are 
made public. Much material for newspaper articles, 
lectures, and radio talks is derived from these statistics. 
Many special statistical studies are made available to 
legislative committees, to other State departments, to 
localities and communities, and to groups and individ- 
uals whose special research may require an analysis 
apart from the regular tabulations. In several in- 
stances, detailed studies have been made for persons 
desiring to use the material in the preparation of theses, 
and in preparing technical papers or articles for pro- 
fessional publications. 

Facts and trends, as shown by these statistical stud- 
les, are used by the Safety Department to identify the 
places where intense safety activity is necessary and to 
determine the type of safety activity most urgently 
needed. Statistics are often considered dull by the 
general public, but they are a necessary foundation in 
carrying on a comprehensive highway safety program. 

County safety councils—The basic organizations for 
highway safety promotion in Wisconsin are the county 
safety councils. Each of the 71 counties of the State 
has its own safety council that meets regularly and 
studies the safety needs of the county. The council is 
organized by and functions under the Safety Depart- 
ment of the State Highway Commission. It consists 
of a general chairman, a general secretary, and chair- 
men of committees of engineering, enforcement, educa- 
tion, and publicity. Its members are civic-minded 
persons who work without pay for the betterment of 
their community. Each council accepts as its duty a 
study of community safety needs and suggests to 
governing bodies solutions of local traffic difficulties. 
It helps to provide a better understanding between the 
public, the traffic enforcement officials, and the courts. 
It counsels the local populace repeatedly in proper 
behavior of both driver and pedestrian to prevent local 
traffic accidents. 

145 
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Through the county safety councils safety programs 
are arranged i in schools, at luncheon clubs, at civie and 
service meetings, in’ PDA! groups, and in fraternal, 
industrial, and “religious groups. Safety exhibits, meet- 
ings, parades, and campaigns are planned and executed 
by these councils. They maintain speaker bureaus and 
spot maps; they prepare safety addresses and supply 
safety news releases to the local papers; and they com- 
pile statistics on the traffic accidents occurring in their 
county. Typical membership in the county council 
includes county judges, traffic officials, school superin- 
tendents and principals, county highway commissioners, 
representatives of fraternal, service and business clubs, 
industrial leaders, and professional mep as well as 
those who have no special qualifications other than a 
wholesome, live interest in the welfare of their com- 
munity. 

Guiding and advising all the county councils is the 
Safety Department. To the county councils it sends 
resuler letters outlining suggested activities, and field 
contact men who advise the local officials and learn 
their ideas to the end that each community benefits 
by the experience and suggestions of all the others. 
County councils receive every aid the Safety Depart- 
ment has at its disposal—statistics; supplies of literature 
for free distribution; special speakers from the Depart- 
ment; motion picture programs on safety with operator, 
machine, and films furnished; aid in preparing and 
releasing safety publicity ; aid to schools in conducting 
suggested study courses; and supplies for school safety 
patrols. 

To focus special attention on highway safety in each 
community of the State, no method better than the 
county safety councils has been found. 

Public contacts—The personnel of the Safety De- 
partment consists of a safety director, an assistant 
director, a supervisor of publicity, an office manager, a 
statistician, three district field representatives, a ste- 
nographer, three clerks, a publicity assistant, and 
part-time student who serves as an additional clerk. 

The director, the assistant director, the publicity 
supervisor, and the three district field representatives 
maintain close contact with the public in safety pro- 
motional work. Each of these six men is a competent 
public speaker with a background of traffic and safety 
research and experience. Each of the six meets with 
the county councils at regular intervals to give advice 
and to correlate their activities for greatest efficiency. 
Assistance is given in forming councils and in keeping 
them active and informed. “Assistance by these men 
is given the county councils when special programs of 
motion pictures are desired in schools, at clubs, at 
P.'T’. A. meetings, or public safety meetings arranged by 
the councils themselves. 

SAFETY PROGRAMS GIVEN TO ANY GROUP REQUESTING THEM 

When a council wishes to schedule a program on 
highway safety with a speaker and motion pictures, ar- 
rangements are made to supply them. County super- 
intendents of schools are contacted and through them 
arrangements are made to present safety programs in 
the schools. A 45-minute program consisting of a 15- 
minute safety talk followed by 30 minutes “of safety 
movies is enthusiastically received by students from 
elementary grades through senior high schools. Of 
course any of several different speeches and motion 
pictures can be presented so that the program is in 
keeping with the particular problems of the audience. 

A 45-minute program can be given in four schools a 
day, two in the forenoon and two in the afternoon. 
When a Safety Department man comes into a county 

to conduct these programs, the local council usually 
keeps him busy. It is not unusual for a safety lecturer 
to speak at four school meetings a day, plus a luncheon 
club address at noon and a PT. A. meeting at night. 
With such a number of meetings in a single day, it is 
imperative that the public contact men have a variety 
of facts at the tips of their tongues, and an ability to 
blend those facts into an interesting talk. Of prime 
importance is the ability to sense immediately the in- 
terests of the audience and to address it in terms and 
manner so that the message is vital to the group’s own 
traffic problems. 

Public relations is an important phase of the highway 
safety program in Wisconsin. Any group in any part 
of the State may address a penny post card to the 
Safety Department requesting a program, and that 
program will be provided at no cost to the group. 
P. T. A. groups, service clubs, luncheon clubs, chambers 
of commerce, fraternal organizations, 4-H groups, boy 
and girl scouts, schools, traffic enforcement bureaus, 
and industrial plants have availed themselves of this 
service. 

In 1938 public relations men of the Safety Depart- 
ment attended 1,183 meetings. Of these meetings, 515 
were contacts with Safety Councils, and 668 were high- 
way safety contacts with other groups. A total audi- 
ence of 162,542 persons was reached with direct mes- 
sages of highway safety. The county safety councils 
by themselves held 3,223 safety meetings and reached 
an additional 229,106 persons. 

The Safety Department realizes that regardless of 
the size of the audiences, all automobile drivers and 
pedestrians in the State cannot be reached directly. 
In each address the plea is made for all listeners to 
carry the appeal for street and highway safety to their 
families, neighbors, friends, and co-workers. How ex- 
tensively this is actually done depends in large part 
upon the quality of the program presented and the 
competence of the speaker to present his ideas in a 
manner that generates an urge to carry the message 
further. With a reduction of 10.5 percent in all traffic 
accidents in the State and a fatality reduction of 23 
percent in 1938 as compared to 1937, it is felt that the 
accident-prevention work of the county and State 
organizations has been effective and a worthwhile 
investment. 

Driver testing equipment.—Owing to the importance 
of agriculture in Wisconsin, county fairs and the State 
fair are prominent occasions in the State. When plans 
for fairs are being made, the county safety councils 
appeal to the Safety Department for aid in promoting 
highway safety by means of a dignified yet striking 
display. ‘To comply with these requests, three sets of 
driver testing equipment have been assembled. 

The driver testing equipment has been designed to 
bring a concrete representation of the problems of 
automobile driving to an individual without taking 
him onto the highway. Fundamentally it is similar to 
the testing equipment used by automobile associations, 
insurance companies, and others. Briefly, each person 
who takes the test is subjected to eye examinations, to 
a glare test, to a distance judgment test, to a coordi- 
nation test which measures how well the body responds 
to what the eyes see, and to a test of knowledge of 
Wisconsin traffic laws. Each of these tests is ex- 
plained in its relation to actual traffic on the highway. 
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A score sheet is kept for each individual. At the close 
of the test the operator in charge analyzes each per- 
son’s score. If defects are found the individual is told 
what they are and how to compensate for them in the 
interests of safety. 

Operation of the driver testing equipment is the 
most elaborate and spectacular safety activity of the 
Safety Department. In 1938 the driver testing equip- 
ment was used in 52 Wisconsin localities and tests were 
given to 10,428 persons. It is felt that the tests 
benefit both the persons actually reached and the 
thousands who also learn a few new traffic facts as 
they watch their friends go through the lines. Further 
benefits are derived through newspaper articles based 
on the results of the tests in each locality. Individual 
test results are kept confidential, but publicity i is given 
to the scores obtained in each community as well as to 
facts disclosed by the tests. For example, the tests 
showed that one man out of every twelve tested was 
color blind to the extent that traffic hghts may be 
confusing. 

The driver testing equipment is valuable in safety 
promotion because it creates an urge for persons to try 

it; it 1s curiosity provoking to onlookers; it creates 
safety publicity material; and it reveals typical char- 
acteristics of drivers. 

School contacts.—It is the belief of the Safety Depart- 
ment that every effort to promote safety education in 
the schools will have a beneficial effect on the traffic 

picture of the future. Because the achievement of 
traffic safety requires continued efforts over a long 
period of time rather than a quick flash of brilliance, the 
logical place to build for the future is in the schools. 
The drivers and pedestrians of tomorrow are the school 
children of today. The Safety Department therefore 
feels that its most effective work can be accomplished 
through promoting safety education in the schools of 
Wisconsin. 

School safety patrols have become quite generally 
accepted throughout the Nation as an effective and 
necessary safeguard to protect school children from 
traffic. In Wisconsin, the school safety patrols are 
directly sponsored by the Safety Department, and the 
belts and badges for safety patrols are given to the 
schools by the Highway Commission. The badges bear 
the name of the Commission. Each school requesting 
safety patrol supplies gets more than just the belts and 
badges. Detailed directions for the establishment of 
the patrol are included as well as descriptions of the 
exact duties of the patrol members 

In six months of State sponsorship, Wisconsin schools 
have been supplied with over 4,500 belts and a like 
number of badges. In many of the counties, belts and 
badges are first turned over to the county traffic officer. 
He visits the school, gives a lecture on the duties of 
school patrols, gives a talk to the student body on 
cooperation with the patrol for safety, pins the badges 
on the members, and presents to each member an 
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official certification card bearing a pledge of office and 
a list of ten patrol duties. These cards are also supplied 
by the Highway Commission, and are signed by a 
representative of the Safety Department and counter- 
signed by the enrolling officer and the school principal. 
The entire ceremony gives an air of official standing to 
the school patrol, and goes far toward making each 
member fully cognizant of his duty and the other school 
children more respectful of each patrolman’s authority. 

LITERATURE ON HIGHWAY SAFETY WIDELY DISTRIBUTED 

Many excellent safety pamphlets are available for 
free distribution by the insurance companies, automo- 
bile companies, and automobile associations. The 
Safety Department receives large supplies of this liter- 
ature. It has prepared a bibliography appraising the 
value of much of this material, and distributes it in 
quantity to any school in the State on request. This 
literature is excellent reference material for teachers 
and students. Lesson sheets and posters are also dis- 
tributed throughout the State by the Safety Depart- 
ment. 
Members of the Safety Department are frequently 

asked to address State, district, and county conventions 
of school boards and teachers. During these contacts, 
many teachers have asked aid in preparing courses of 
study in highway safety. Individual or group as- 
sistance is always given. 

In keeping with modern trends in education, an 
increasing emphasis has been placed on motion pic- 
tures as an aid in teaching highway safety. ‘The 
Safety Department has a library of 56 reels of 16- 
millimeter films on street and highway safety. Both 
sound and silent films are available on a free loan basis 
to any school equipped with suitable projectors. 
Schools without projectors have equal opportunity to 
receive motion-picture programs, for the Safety De- 
partment has five portable projectors which handle 
either sound or silent films. To avail itself of a pro- 
gram, any school without a projector contacts either 
its county safety council or the Safety Department 
directly, and one of the public relations men of the 
Department brings the program to that school and to 
as many others in the county as he can reach in the 
time he has available in that area. 

The Safety Department in 1938 sponsored a contest 
for the best courses in safety study arranged by school 
officials for use within their schools. Awards of silver 
shields mounted on wall plaques were made for the 
best course for city schools, the best course for rural 
schools, and for the best course offered in vocational 
schools. Awards were made by the safety director 
of the State Highway Commission at the annual 
convention of the Wisconsin Education Association. 

Courses in safety education in three State normal 
schools were offered for credit in 1938. These courses 
were organized by the schools with the assistance of the 
Safety Department. During 1939 several more normal 
schools are offering such courses. Providing advance 
training to those who will teach is of extreme importance 
to the future of safety education. 
From the accident reports coming in to the Safety 

Department an unusual and effective safety textbook 
has been compiled. One hundred different typical 
highway accidents have been selected for inclusion. 
Names of characters and locations have been changed 
to fictitious ones, but the circumstances of each acci- 
dent and the street or highway lay-out have been 

retained exactly as in the accident report. Each of 
these 100 accident cases has been repeated on a page 
of the textbook, complete with a diagram of the acci- 
dent, an explanation of how it happened, and a sum- 
mary of the injuries and damages. Concluding each 
case are questions of this type: Why did the accident 
happen? Who was to blame? How could this acci- 
dent have been avoided? 
A section of the book preceding the case studies is 

devoted to a summary of Wisconsin traffic laws. 
Following the case studies are 150 questions on traffic 
laws and safety practices. None of the questions is 
answered in the book, but a set of answers, prepared . 
by a committee of Wisconsin traffic judges, is available 
to teachers. This textbook is entitled ‘Traffic Acci- 
dents—Their Causes and Their Prevention.’ It is 
supplied in quantity to high schools, normal schools, 
vocational schools, and individuals, free of charge. 
The popularity of the book is evidenced by the demand 
for it. In 1938, 30,000 copies were supplied to Wis- 
consin schools. A 1939 edition of 35,000 copies will be 
almost entirely used up in filling orders already on hand. 

The Safety Department is devoting much of its time, 
energies, and money to safety education in the school 
systems. A triple purpose is served when _ school 
children are educated in highway safety—greater safety 
will be assured for the future, immediate results are 
obtained in greater safety for the youth of today, and 
much of the material presented to children is repeated 
at home for the adults and parents to think about. 

Enforcement aids.—One of the most necessary aids to 
a comprehensive highway safety program is the work 
of the traffic officer. The Safety Department has no 
direct authority over the county traffic officers or the 
city traffic departments of the State, yet cooperation 
and help from these men has been outstanding in 
quality. Because efficient enforcement tends to reduce 
the number of accidents, the Safety Department has 
exerted its influence to effect employment of traffic 
officers in counties that have previously been without, 
them. In many cases where officers have been em- 
ployed, the Safety Department has conducted civil- 
service examinations so that choice of men employed 
was made entirely upon ability and experience. 

The help of the Safety Department has not ended 
with aid in employing a traffic officer. Present-day 
enforcement is not confined to arresting violators and 
investigating accidents. The modern traffic officer is 
wholeheartedly engaged in safety education as well as 
in enforcement. In this work of education, the traffic 
officer visits schools, addresses clubs and safety meet- 
ings, frequently prepares articles for the press, and often 
participates in radio programs. In all of these contacts 
the services of the Safety Department are at his dis- 
posal—accident statistics, posters, literature, school 
safety patrol belts and badges, motion picture films, 
and assistance in preparing speeches and news releases. 

TRAFFIC SCHOOL OF BENEFIT TO ENFORCEMENT OFFICIALS 

Competent traffic enforcement is a highly exacting 
task calling for excellent qualities of personal efficiency 
and judgment. Heretofore the officer who had those 
qualities did his work in a manner meeting with the 
approval of the motorist and the community; the officer 
who lacked them was seriously handicapped and means 
were lacking for adequate training. The traffic officers 
themselves were the first to realize that regular training 
schools for traffic officers would help raise the general 
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level of officer efficiency. When the idea of conducting 
district traffic schools for officers was discussed with 
them, they endorsed the plan with enthusiasm. So did 
the county officials under whom the traffic officers 
work, as well as city officers, chiefs of police, mayors, 
and traffic justices and judges. 
A traffic school has been organized and operates as 

follows: The State is divided into nine districts corre- 

sponding to the nine division areas of the State Highway 
Commission. Monthly schools are held in each of these 
divisions. All persons directly interested in traffic 
enforcement are invited to attend, from village mar- 
shals to county judges. One subject is covered at each 
meeting, in lecture by competent authorities and in 
supervised discussion by those in attendance. Typical 
subjects covered in these meetings are: Accident in- 
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vestigation—obtaining evidence, use of photography 
and measurements, how to keep records efficiently, 
first-aid studies; public relations—appearance of officer, 
approach to a traffic violator, how to get cooperation 
from witnesses, conduct on and off the job, public 
speaking hints; court procedure—filing and presenting 
complaints, the officer’s relation to the court, the rules 
of admissible evidence; and selective enforceement— 
use of spot maps as reference to accidents, patrolling 
high-accident areas, checking physical hazards, check- 
ing vehicles. 

Wisconsin traffic accident statistics show that 51 
percent of the accidents are caused by violations of 
traftic laws. With the traffic officers working to familiar- 
ize the citizens with the traffic laws, and with improvement 
in enforcement methods continuing, even further reduc- 
tions in traffic accidents and fatalities should result. 
Publicity—Highway safety cannot advance unless 

the citizenry is aroused to a realization of how acute 
the problem actually is. Concrete suggestions for im- 
proved driving habits and for better pedestrian behav- 
lor must get to the general public. The Safety Depart- 
ment receives excellent cooperation from the newspa- 
pers, both dailies and weeklies. Practically every Wis- 
consin newspaper contains at least one good news story 
each issue on some phase of the traffic problem. 

However, the newspapers themselves rarely originate 
stories on accident prevention. The news value of 
highway safety information is not apparent to most 
reporters; or if it is, the reporters often do not have 
the technical background to offer concrete suggestions 
of solution. 

Of necessity highway traffic news stories with an 
accident-reduction theme must originate from a source 
that has accident facts and highway information read- 
ily available. Such a news source must be in constant 
contact with those who are actively engaged in high- 
way safety work. The publicity section of the Safety 
Department is therefore a vital part of the organization. 

Publicity is directed through several channels. The 
Department publishes ‘Safety News,” a monthly mag- 
azine containing items on the activities of the county 
safety councils, suggested plans of activity for accident 
reduction, and presenting the latest State and local acci- 
dent statistics and analyses. This magazine is distrib- 
uted free within the State to the county safety councils, 
school authorities, county highway departments, traffic 
officials, and city authorities. It is also sent outside the 
State to safety workers in the departments of other 
States and to Federal departments, including the Li- 
brary of Congress. Its circulation is now 5,500 copies 
and is increasing rapidly. 

News releases are prepared daily and are mailed to 
every newspaper within the State. Articles of a gen- 
eral safety nature and special releases dealing with par- 
ticular local problems are prepared. Use of this mate- 
rial has been almost universal. 
_The State Highway Commission subscribes to a clip- 

ping service. By tabulating the clippings of its stories 
as they come in, the Commission has an accurate picture 
of the extent its releases are used by the newspapers. 
Very often a story sent out as a news release is published 
in the form of an editorial—infallible evidence that the 
material submitted was of vital interest to the com- 
munity. 

Newspapers place a high value on printed pictures. 
The Safety Department releases photographs of unusual 
accidents or of outstanding safety activities at least once 
a week. For convenience, these photographs are sub- 

mitted to the papers as mats so they can be printed at 
no great expense. 

Publicity on traffic safety has other outlets. For 
distribution at county safety council exhibits and dis- 
plays at fairs, conventions, expositions, and general 
meetings, the Safety Department has prepared many 
types of handout literature. One is ‘‘An invitation 
to drive home safely—we want you with us at our next 
meeting.”’ Another is a brochure in color reviewing 
the types of highway signs—what each one means and 
where they are located. Another is a card illustrating 
approved hand signals for turning and _ stopping. 
Each publication is short and to the point, designed 
to carry one message since persons visiting a fair or 
exposition will not spend time reading a lengthy 
article. 

RADIO PROGRAMS ON HIGHWAY SAFETY GIVEN 

No modern approach to the public is complete with- 
out extensive use of the radio. In Wisconsin the radio 
stations have cooperated generously in furthering the 
State Highway Commission’s safety activities. Each 
week end six 1-minute radio scripts on highway safety 
are prepared and sent to each of the 19 radio stations 
in the State. The scripts are written as traffic warnings, 
each one stressing some pertinent danger. A survey 
of the use of these warnings by the radio stations 
reveals that they are broadcast at those times of day 
when radio audiences are at the maximum. The 19 
Wisconsin radio stations are so located throughout the 
State that every community is reached by one or more 
stations. 

Longer radio programs, addresses running up to 15 
minutes in length, are prepared at intervals and are 
submitted to the county councils that have access to 
radio stations. Local speakers present the addresses 
over their local stations. 

Radio broadcasts are of great value in reaching 
citizens who do not or cannot attend safety meetings. 
Since radio stations receive their operating licenses with 
the stipulation that they offer their services for the 
public good, no radio station charges for the time 
devoted to safety promotion work. 

That press and radio are effective in carrying safety 
messages to the motorists is revealed by experience 
over holiday periods such as Memorial Day, the Fourth 
of July, and the Labor Day week end. In the year 
1937 accidents showed a marked increase over 1936, 
yet on those three holidays in 1937 there were less 
than half the fatalities there had been in 1936. The 
only explanation for the decrease on these days of 
heavy traffic was that the intense publicity campaign 
in press and radio and by traffic police had been heeded, 
resulting in greater motoring care over the holidays. 
Again in 1938 on those same holidays there was a 
further reduction over the 1937 record—a percentage 
of reduction greater than the general reduction for the 
whole year. Of course the campaign in press and 
radio and by traffic police was repeated and enlarged 
for the 1938 holidays. 

Motion pictures.—The State Highway Commission 
of Wisconsin believes strongly in the value of motion 
pictures as an effective aid in safety education. The 
elements of traffic—drivers, vehicles, pedestrians, 
streets, highways—all are ideal material for motion 
pictures. More concrete suggestions for traffic improve- 
ment can be packed into an 11-minute film than can 
be described in 2 hours by a speaker. 
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The Safety Department has five portable motion 
picture sound projectors in constant use and a film 
library of 56 reels of motion pictures. Each of the 
three district field supervisors has a projector and the 
other two are used by the men working out of the main 
office. In schools or at adult meetings where these 
men appear, the programs they present begin with a 
short address on pertinent facts on accidents and 
suggestions for their prevention. Motion pictures 
make up the remainder of the program. Films not in 
use by Department representatives are available for 
free loan to any group in the State requesting them. 
Schools, service and fraternal clubs, safety councils, 

industrial plants, and others have borrowed these 
films. In 1938 alone the films were shown to a total 
audience of more than 400,000 persons. 

The Department’s film library is made up of sound 
and silent reels on a loan basis from automobile com- 
panies, insurance companies, and automobile clubs as 
well as many films it has purchased outright from the 
producers. The Department does not distribute films 
that are obviously advertising in nature, but it 
does not object to the mention of a commercial 
concern as sponsor to the picture if the film is pri- 
marily one of good safety practices presented in a 
friendly manner. 
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MOTION PICTURE FILMS ON HIGHWAY SAFETY PRODUCED BY THE 

COMMISSION 

Supplementing the films available by purchase or 
loan from outside sources, the State Highway Com- 
mission produces motion pictures of its own. No 
attempt is made to film subjects already covered by 
available films. The Commission’s motion picture 
productions deal with subjects especially vital to its 
program of accident prevention. The motion pictures 
produced by the Safety Department had a 1988 
circulation of 412 bookings, reaching a total audience 
of 71,000 persons. One film, ‘‘Wisconsin School Safety 
Patrols, ” shows how school children must avoid traffic 
when no protection is provided. Then in contrast 
it shows how safety is provided by an efficient school 
safety patrol. Pictures of the operations of many 
Wisconsin school patrols are also shown. This film 
is excellent to take into a community to show what can 
be done by establishing a patrol. 

More than one-third of the persons killed in traffic 
accidents in Wisconsin are pedestrians. To plead for 
improved pedestrian babits the Department has 
produced the motion picture, “We Who Walk.” A 
picture of pedestrians, this film shows how pedestrians 
walk into trouble. The pictures was filmed in Wis- 
consin and shows pedestrians jaywalking, roaming 
behind parked cars, crossing the street in midblock, and 
loitering in the street. The pedestrians themselves 
show by their careless actions why they are so frequently 
hit by automobiles. The film closes by showing correct 
pedestrian behavior under all conditions in city and 
country. 

“Safety News” is another film produced by the State 
Highway Commission. It is a news-reel type of pro- 
duction showing the results of traffic accidents through- 
out the State. Safety activities to prevent traffic acci- 
dents by various county safety councils are shown in 
story form—a parade in one county, a unique driver 
testing device in another, traffic control in a third, and 
a brake testing lane in a fourth. The film closes with 
a plea for comprehensive safety activity 1n all com- 
munities. 

“Driving Hazards” shows in pictures the usual and 
some unusual conditions each Wisconsin motor-vehicle 
operator must encounter in the course of his driving. 

“Watch the Road Signs” is an all-color film showing 
the history of highway signs and the meaning of sign 
types now in use. The picture opens showing Indians 
marking their trails. The horse-and-buggy days follow, 
showing travelers asking their way. Early crossroad 
signs are shown; signs which were often inadequate to 
keep the early motorist. from taking the wrong road. 
Then in contrast the modern highway with its com- 
prehensive sign system is shown. The film continues 
with pictorial explanations of each type of sign, clearly 
showing how each type differs in purpose and in appear- 
ance from the others. It closes with an appeal to 
drivers to be guided by the highway signs. 

The program of motion picture production by the 
Safety Department calls for four pictures per year. 
Contemplated productions for the future are on the 
subjects of bicycling, traffic enforcement, and a news- 
reel of unusual safety activities in 1939. 

The Safety-Department uses only 16-millimeter 
films, as that size has become the standard for non- 
theatrical motion pictures. 
own motion picture camera complete with supplemen- 

The Department has its’ 

tary lenses, film magazines, and titling and editing 
equipment. Because of the increasing use of motion 
pictures in schools, in industry, and at public gather- 
ings, motion pictures on highway safety will in the 
future have more outlets and reach more people. <A 
recent survey of safety aids to teachers, made by the 
National Education Association, revealed that ‘“‘more 
good films on safety’? was recorded as a need by more 
than 50 percent of the teachers. The Safety Department 
is attempting to do its share in supplying that need. 

Conclusion.—In 1938 there were 23 percent fewer 
fatal highway accidents in Wisconsin than in 1937. 
This represents a saving of 203 lives. Injuries in traffic 
accidents were reduced 8.1 percent while all accidents, 
including those involving only property damage, were 
reduced 10.5 percent. 
How much do traffic accidents in Wisconsin cost? 

If a human life is valued at $10,000, if an average 
injury cost of $500 is taken, and if $150 property damage 
is assumed for each reportable accident, then the 1937 
traffic accident cost was $14,773,500. This amounts to 
$5.05 for every person in the State. Figured on the 
basis of cost per motor vehicle (1937 registration was 
871,592 vehicles) accidents in 19387 cost $16.95 per 
vehicle—a cost greater than the average Wisconsin 
motor-vehicle license fee. 

On the same basis of valuation, accidents in 1938 
cost Wisconsin $12,220,350. The reduction of traffic 
accidents and fatalities in 1938, figured on the above 
scale, saved $2,553,150. The Safety Department oper- 
ates on a budget of $50,000 per year. Thus for every 
State dollar spent in highway safety promotional work, 
a saving of $51.06 in reduced accidents was accom- 
plished in 1938. On the basis of population, the expend- 
iture of 1.7 cents per person in 1938 saved each citizen 
87 cents, reducing his annual highway-accident cost 
from $5.05 to $4.18. The reduction in costs of traffic 
accidents to each motor vehicle (1988 registration was 
857,794 vehicles) was $2.70, bringing the annual traffic- 
accident cost from $16.95 down to $14.25 per motor 
vehicle. 

The problem of bringing a ‘definite highway safety 
program to each citizen on a budget of 1 cent and 7 
mills per person has been no easy task. To reach 
almost 3,000,000 persons on a total appropriation of 
$50,000 calls for a careful appraisal of each activity to 
see that it reaches the greatest number of persons in the 
most direct manner to convince them that careful 
driving is good common sense. The greatest return in 
safety for the least expenditure has been, and will 
continue to be, the objective of the Safety Department. 

INDEX TO PUBLIC ROADS, VOLUME 19, 
NOW AVAILABLE 

The index to volume 19 of PUBLIC ROADS is 
now available. In addition to the index a chrono- 
logical list of articles and a list of authors are given. 
The index will be sent free to subscribers to PUBLIC 
ROADS requesting it. Requests should be addressed 
to the Public Roads Administration, Federal Works 
Agency, Washington, D. C. 

Indexes to volumes 6 to 18, inclusive, are also availa- 
ble and will be sent to PUBLIC ROADS subscribers 
upon request. Indexes to volumes 1 to 5, inclusive, 
have never been prepared, and it is not expected that 
these volumes will ever be indexed. 
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utilized to evaluate c and ¢. Samples used in stabilom- 
eter tests have heights of possibly 10 times the thick- 
nesses of samples tested in direct shear and tberefore, 
according to the theory of consolidation, consolidate 
only one-hundredth as rapidly and in consequence 
have considerably less error due to change of moisture 
content during test in the open system. Such tests 
made in the Delft Laboratories by what Professor 
Huizinga terms the quick method (22) are considered 
satisfactory by him for relatively impermeable soils. 

It was the consensus of opinion at the Eighteenth 
Annual Meeting of the Highway Research Board (36) 
that: 

The triaxial compression or stabilometer device is the most 
useful shearing method and despite all obstacles it is proposed 
to obtain and use complete stress-deformation diagrams in 
connection with highway problems. 

Among the advantages provided by this method of 
test may be listed the following: 

1. Samples have the shape common to usual com- 
paction, permeability, and sampling devices. 

2. Properties of samples as a whole instead of only a 
fraction thereof can be determined. 

3. Samples of embankment materials may be tested 
as compacted and after they have been tested for 
permeability and capillarity. 

4, Samples of road materials may be tested as pre- 
pared and after their subjection to saturation, freezing 
and thawing, and the like. 

5. Samples of foundation soils may be tested in their 
natural undisturbed state and at several other moisture 
contents to the end that complete relations of moisture 
content to c, ¢, and pore pressure are provided. 

6. Samples may be tested at pressures similar to those 
that soils and roads are expected to resist under service 
conditions. 

7. Uniform pressures are applied on the surfaces of 
samples. 

8. All stresses on the sample are measured and may 
be varied or kept constant as desired. 

9. Both the vertical and horizontal deformations 
can be controlled and are measurable. 

10. The data are usable in theories of design. 
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Highways of History, a pictorial story of the improve- 
ment of transportation in the United States, has recently 
been published by the Public Roads Administration. 

The 35 pictures the publication contains begin with 
the introduction of horses on this continent by Hernando 
De Soto in 1539, and trace chronologically the modes of 
transportation used in the United States up to the 
present time with special emphasis on highway trans- 
portation. Beside each picture is a brief description 
of the historical significance of the scene. The pictures 
are photographic reproductions of dioramas created by 
the Public Roads Administration and now exhibited 
at the Golden Gate International Exposition at San 
Francisco. 

The pamphlet has been prepared particularly for the 
use of teachers in elementary schools and for school 
libraries. A limited free supply is being distributed 
by the Public Roads Administration, Federal Works 
Agency, Washington, D. C. Copies are also available 
by purchase from the Superintendent of Documents, 
Washington, D. C., at 25 cents each. 
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PUBLICATIONS of the PUBLIC ROADS ADMINISTRATION 
(Formerly the BUREAU OF PUBLIC ROADS) 

Any of the following publications may be purchased from 

the Superintendent of Documents, Government Printing Office, 

Washington, D.C. As his office is not connected with the 

Agency and as the Agency does not sell publications, please 

send no remittance to the Federal Works Agency. 

ANNUAL REPORTS 

Report of the Chief of the Bureau of Public Roads, 1931. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1933. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1934. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1935. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1936. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1937. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1938. 
10 cents. 

HOUSE DOCUMENT NO. 462 

Part | . . . Nonuniformity of State Motor-Vehicle Traffic 
Laws. 15 cents. 

Part 2. . .. Skilled Investigation at the Scene of the Acci- 
dent Needed to Develop Causes. 10 cents. 

Part 3. . . Inadequacy of State Motor-Vehicle Accident 
Reporting. 10 cents. 

Part 4. . . Official Inspection of Vehicles. 10 cents. 

Part 5. . . Case Histories of Fatal Highway Accidents. 
10 cents. 

Part 6... . The Accident-Prone Driver. 10 cents. 

MISCELLANEOUS PUBLICATIONS 

No. 76MP . . The Results of Physical Tests of Road-Building 
Rock. 25 cents. 

No. 191MP. . Roadside Improvement. 10 cents. 

No. 272MP. . Construction of Private Driveways. 

No. 279MP.. . Bibliography on Highway Lighting. 

Highway Accidents. 10 cents. 

The Taxation of Motor Vehicles in 1932. 35 cents. 

Guides to Traffic Safety. 10 cents. 

An Economic and Statistical Analysis of Highway-Construction 
Expenditures. 15 cents. 

Highway Bond Calculations. 

Transition Curves for Highways. 

Highways of History. 25 cents. 

10 cents. 

5 cents. 

10 cents. 

60 cents. 

DEPARTMENT BULLETINS 

No. 1279D . . Rural Highway Mileage, Income, and Expendi- 
tures, 1921 and 1922. 15 cents. 

No. 1486D . . Highway Bridge Location. 15 cents. 

TECHNICAL BULLETINS 

No. 55T . . . Highway Bridge Surveys. 20 cents. 

No. 265T. . . Electrical Equipment on Movable Bridges. 
35 cents. 

Single copies of the following publications may be obtained 
from the Public Roads Administration upon request. They can- 
not be purchased from the Superintendent of Documents. 

MISCELLANEOUS PUBLICATIONS 
No. 296MP. . Bibliography on Highway Safety. 

House Document No. 272 . . . Toll Roads and Free Roads. 

Indexes to PUBLIC ROADS, volumes 6—19, inclusive. 

SEPARATE REPRINT FROM THE YEARBOOK 

No. 1036Y . . Road Work on Farm Outlets Needs Skill and 
Right Equipment. 

TRANSPORTATION SURVEY REPORTS 

Report of a Survey of Transportation on the State Highway 
System of Ohio (1927). 

Report of a Survey of Transportation on the State Highways 
of Vermont (1927). 

Report of a Survey of Transportation on the State Highways 
of New Hampshire (1927). 

Report of a Plan of Highway Improvement in the Regional 
Area of Cleveland, Ohio (1928). 

Report of a Survey of Transportation on the State Highways 
of Pennsylvania (1928). 

Report of a Survey of Traffic on the Federal-Aid Highway 
Systems of Eleven Western States (1930). 

UNIFORM VEHICLE CODE 

Act 1I.—Uniform Motor Vehicle Administration, Registration, 
Certificate of Title, and Antitheft Act. 

Act II.—Uniform Motor Vehicle Operators’ and Chauffeurs’ 
License Act. 

Act I1].—Uniform Motor Vehicle Civil Liability Act. 

Act IV.—Uniform Motor Vehicle Safety Responsibility Act. 

Act V.—Uniform Act Regulating Traffic on Highways. 

Model Traffic Ordinances. 

A complete list of the publications of the Public Roads Ad- 
ministration (formerly the Bureau of Public Roads), classified 
according to subject and including the more important articles 
in Pustic Roaps, may be obtained upon request addressed to 
Public Roads Administration, Willard Bldg., Washington, D. C. 
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